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Tabl« IT • rh#nf,ii in |>lftt« 99
r««i«tiiu«« for ehft3u~',« in hf»ftt«r \'oltft|:;« ond

7h« author wlshfis to aeknowlffdi;* th«
Asiil«t«n9« r:lv#n him hy !>r, *!• "^^ t.^hnoqi *n
eonnslTlni; *ndi pvrfomlnf; thm •x{><irii»«nt*l
work of thl0 •dsay^ »nii to thft&k Pr« F«rd in*
ftn4 !!AmT'arf,«r «lr» end Dr« L«b«eqs for tholr
uj^r.ostlont oa Ita protontfttlon*
fli49 mithor Also wlcho* to mxpr^»» hlo
ftpproeietlGn to M«ssr«« ^* ?• Ellio^ l?obort
Bo«««p T« W« Hhoppftrdp And L* !• Borbliir ^f
Tho Applloa PKy«io« Laboretory, for thoir oo*
oi»»riitlon in ebtfelniiaf; oquipr.cnt, «nd tbolr
intorast iu tho work, wlihc»ut m^loh tho ox-*
porlm«ntB would hi'vo boon Impoooiblo*
#jltf »t^;i£.i,-a:^5dJi
r/«:fii*«''
% 'Y^ ^ - "Sr » « .' o 6(1^
latreduotlen
Th« purpovs of thit laT««tlf;atloii ic
thr««)fold« First, to siftkfi ttatie t«tt« on
•ulmifilfttur* tu^««, eolXsetlAf' «« siueh dftt*
«« pufti»lbl« on iih«ir bv^avlor »i dlff«ir«nt
irmlu«« of he»t«r voltsg* nad *t diff«r«nt
•).tt«« of pl»t« volt«r'<i| ftfld to •l»Blp«r« Ulil*
fomity of th« •«»« typo tn'i/o tiiido hy two
difforont iift?}t}ffiiiiur«r«« ^oeond, to Moko
dytiAialo toots on th« coiro tubo« i» o olroult
fihioh oliHulotos thoir ttoo in un ootuol opt«*
pliflor* 7ho purpoflo of thoao totto is to
dotormiao tubo llfo, or ohoui^os iii tubo ohor«
ootorlatles, undor &or»«l lood and OTorlood
ooaditlona* Third, to attottpt to eorroloto
tlio roaaito of tbo statio toots with tho ro«-
sults of tho djraatiie tosts and disoovor fiomo
•1-





.. f . I fii ) a fin i tm
i6t«tho4 by wlil«h ttatie t««tliif, may t$e U9«d
to a«euriit«l3r pr«dlet which tub<i« nny f«ll.
u!u<i«r ov«rXo«d| or to proYo that no sis-^plo
erltorion oxlat* for ouoh pro^letlon*
Tho invootlj^fttlon ««« upo^ooroci by tho
ToXoaiotorlttg Group of iho ^ipllod fhyoioo
tftborotory, fbo fTohno Hopkiisi* Ualvoroityp
SiXvor Spring, l^orylond, wbteh oupplle^ tho
sabnlnlitturo tubes to bo ^ostod, opproxl*
otoXy 100 ooeh of tho foXXowlwf; typoo t
a) i^outtfooturor "Ji** • ^yp* GK*-^ QonoroX
Furpoflo Trlodo, ond b) Mo^ufftcturor "IR**
Typo CK60ecX ' rlodo.
Tho iran^ral doscrS^ptioit of tho tooto to
bo oouauctod wfes contAinoa iu o Xottor to
tho suporvisor of tho ToXoRotorl&f: Group frbii
tho froatXonoii for itrhom tho tetate woro run*
It dooeribod tho tooto oo feXXowot ^'tho
firot phooo viXX eonoltt of o nuitbor «f me*8uro«*
tioato of tho pfcroaotoro of tho tutoo, vlth
voriouo oXoetrodo voXtoroo fron normoX to Xr>«o
sr. :? t
i *M«k f ^'^
«*I7
.
'. W ft • Air
njir
than BornAltt Th« Bvooud ph«fe will eencist
ol* ruuiilai;; thm tub«a uu«l«r vftrylrq eoudltiosin
• r ov«t*l»ftU to d9t9r«>itt« lir« Had t^p«a of
folluro* ?h« fi?^«l report will a^tompt to
eorrolaito tho prodloto^ %ttm with tho netuol
llfo Ufidor overload* ft will oloo ehow tho






T'»efl«3rlpt ion of *^tfttlc« T«ft«
ItH-
a) n«kf>'r tub« vt(« t«i!tod for lnt«*rrml short
olreults*
h) ?ub«ii «^r« operstt-D-d nt iff^^Ad velue of h«'r&t'
«r Trolt«p:« (6»3 volts K »(:»)' &nd f'Tld Biee
»uo««3eiv«l>. at lOO:??, 90%\ kot, hO^, &nd Si^»3>l
r«ti9d viilu© for llauufftetur«r **i»" ?ub«» «,n<a
•fcit 1UU>, «33.&jfe, e«*?>, iO^*, 3S.3;i rfct«d yalua
for ^i«iJuf«ot!ur«r "-*' ?ybe«» .At «&ch v«^lu«
of piiitfl volts?:«» th« follow^n*': q«iintitl««
w«ro r«cord«dj flrid Bias '/oXtac;*, li^est^jr """olt
fciurraiit , Tr«i. nacor-duutfii^jCf©.
c) TuIjws wora op«r®it«(l at rat®d v«l«« of
Flfttt* Voltafu (lOOvoltB I.UC# for M»nu»
fftciumr ^^S** Tub««, 180 volte I'.C. for




«^8«^ •vla«»0Qiit ottfi Air
«»llss A« C«)» At •ftob taXuo of )i«ftti«r
oordttdi Pl«t« "^Qltmfm, (IriA Bl^t Voltiii!«f
Pint* C!ttrr«nt, H#at«r Carrnnty Grid Current,
?r«ns«on(lu«tftriC»«»
^••orlptloii of Tubo fottini^: iSqiilpvtoat lin^H
For Stfttio r«tt«
Tho 8t*tie liottt doterlbod mbovo woro
parforiaod In m Xary f|rp« OP-5 To8ter« A
brlof dodoriptlon of this oquipiioBt follows
o.« It ftppoarft In tho Inctruotiom Fftnphloti
Model OP«S ^^ooiitim ?ube Analyslnc Rqulpnont
Supply 110«120 volts 50-60 oyoloo, l!oinufiiet«
ikmr^ Boston Ilootrioftl Inatrumottt Corpors*
ti02L#
"In brisf tho ICodol OU ofuipmoat oon-
olsts of tho following; oppsrstust A plur-
ollty of v«oui3» tubo toakotis d«sl|:nod to
S0001 modftto 4 plr*, 6 P^^g ^^ pin, ? P^i^t ^
pin minoturo and aeorn tob? b0B<»0} o tmni^*
forMor 8upplyii4|^ 60 oyele powor at on© of






8«v«rftX stAridtirA fllAK^ut pot.e^ti«3Ls| pittsh
oorda for eonn«»etlnir- fll«»»iit power tc any
pair «»f 80filr«t tertftlnul tf • p€»v*»r r©etifl«r
•ttpnlylrt^: fllt«r»d €!r«ot potontlal to « «y«t«r
of pot*ntiop.ot«r» iind thonoo by w«y of pfttoh
Qor<i0, to «ny di»«lr«d «ook«% t«r%ln«l«| «
plurality of oloetrioal indioftt-rf* InatrumoAta
oultalblo for Indiofttlfif: potontlaXa botwoon
Kookot tortslnftls and currents flowinf, throu^H
aookat tamlnalt, and a pLarality of raouttin
tttba aookatii intaroennocito^ with In^lcfttiiif,
lanps d«ai|!;nad to indioitta tho prasanea of
•hort airottltod tut»« alanantft***
*"^ha liodaX OT) aquipr^ant maasur«>t troftt*
eofiduotanaa by naaiiurliig tha altarnatlr.f,
oarraat produfiod 5.n tha plata ©lre«it fey a
60 eyeXm ftirnal appli*»d to tha grrid of thm
tuba tmdar tast* The r;rld ali^nal hat an offoe*
tiva vaXu#» of anm r&lt and ae tran«eor«^.ectanca
ic tha ratio of tha valwa of altarnatlnc
plata eurrant t© th«» Talea of tha altarnating






^ooiidiiet*ii«« l&»t«*4 of »il<»rMM»^«r«« i»f iilt«r«
ifctitif:. «»«»rrii»i%«"
•r«
lufftmiiti^n o« tl»« %««t«« It will bm n04$««6i&r^
a©%l«i^ l%nMfi»«^%%<ri»r •'i^* ^mi '*tf*' fi#ii©t5l*.: !%»•»
^«fftii4ii»r«r "E**! «i^« ••««»fiit !•% «r lig»ti%lfl<iii
%!*• !•% n?4iib^r • fiiii«r# li«itiK *^r#« lot« ©f
«»i!Htfm«%i»i-iM» ^&^ fvihmn «««i^iift««4 **«**» ^'^^''^
ftsiH •tC**^ •^'i^ f'-*tr l»ii« •f iNiniMf»«%iai»«r **!*•
f«ii«« i«ii(s»«t«« *'fii*'g *»itt*, •^r*'^ An^ •m»«'»








mrm t«bulftt«<! »lu<i» of l^lat* Current, Tr«n»-
0onduotRKo«9 mnd Plato ^o«let«no« for oaoh
Af,«* rirnt* r€8l«tano«a '«r«r« eonput#<i by tbe
fortiul* r ; ^^J^l!L.K }.P.££ wh«r« AV»pUfe«
vmt s 20 '^oltfi la tftoh 6ft8« (1« «• 100 to
SO volts for Fanuffcoturor "S** TuboR aiid 180
to lUO volti for MOf ufoetiiror **!?** To ••)•
Xploto wo« In Killiomp«»ro««
Wbllo a v«lu« of ABploto of SO voltt
nmy toor^ too le^r^o on Inoromont tc toko in
oomput xig plitto rooiotftnooOf it vlU bo 8c»an
frosi tho Chor&otoriatio Curvoo (Plotoo I
throuf,h VIT ) that f.ho olopo of tho ourvoo
^rom ion to ^0 volts In tho <to80 of Monufoot*
uror '*??'* "^uboo^ and from 120 to 100 volto In
thm fl»fts« of ?*anuf«o*;itror **!^'' Tuboa le »wb«»
atantially a oonstant raluo* Thio boln;; t^o
oooo thA tvonty volt Inorotnont booamo a roason*
abl# onw to tako aineo It ollmlaaiod an extra
v©lt«i;« J*'*adlnf: on oaoh tubo«
/OX •!» «l) •8«o ff9/t« ai a^XoT OS m a^v
« t»tftfT •a* frytnsttsam idl «^Xot 09
• ••i«qK4iXXXX« Ai a4«r •;}• v
• dXov 01 l# •ifaXcftA^o ©tfXrr a •Xirfw
«i asCA^ *?r* frftamt9ci
.
.:» sv^ti oo* ^^aaa \:aa
iia*a at^ ;Xiir ^i ^aaana^aiaai a:faXq
? a«i^aXH) aaTT{?3 'it^iiit9:fo£'XAr. q\.
a<»¥ t*^w a44^ !• oqoia wr.r -iriy «:i7 xi^i;ai*{^
• taa^ufiMf ^« aaao •i-t -rf t^Xov on a^ '^OX wof*}
«1 artfrtr ^! oi 08X nroi^ bnm ^un-w- "t" i»fff
•»f# ^iiiatf alrft •a0X«v ^Aa#«aoa a '^XXaAir/ia;fa
>fi«««an a awa^^^-f ^jxa«a*iofff ;tfov 7:'fiaw# ^,-f.-t «!•#»
a^^«a na fea.^^AiMiXa iJt aactt •:iM^ oi •«© aXJa







The manufsoturors glvs the following •
"Typic»l Operatinf, Conditions** for the Typs
6K4««A and CIC606CX Tubes i







Plate 7?esietanee S640 4660 Ohms
Grid ''oltaf:e for
Plate current cut-
off to 10 anp. -14 -30 Tolts
Transoonductance 5S00 3450 Siioromhos
Manufacturer "K" Typo CK608CX Tubes
Heater Yoltnge 6.5 Volts
Heater Current 200 Ma
Plate Voltaf.e 120 Volts
Grid Bifis Voltars -2 ^^olts
Plate Current 9*0 Ha -^^
Yranseonductanee 5000 Flcromhos
Amplif ioation Factor 26
K- Manufacturer's Curve Plots this as 8.3 Ma.
-10-
B\ O'dl C' w ^
mvlov 00& oox
ai^ioV .5- s-
b4 Q • XX O.^i
oX OS
y^T^.: m&h
Ml :^iiiwoXXo^ si' ev^l^l »!•*« i o <!lW— tjJT
Vatt'*''lV^ 'iQ Jii&d
•.'livXoi- Bmliil f ••'''
»:tX, '^ ft?;.- I* ,:-
nifXo' 0«X er^^^XoV ©tt«lH
•OX*
A «o ptirliion of thm «v«rft • v«lu«« of I
plftto And f,^ with tho )i!AnufAetur«r*s Typleftl
Opiiratln^ Vftloos i« f.lTon In tho following,
titbl« (rp l« not inoludod horo booftuoo
MAiiur«eturor **&** Xubo Ch«rfcot«riotio Sh««t
^uotoa no vuluo of r )^
IE«nttfftotMr«r« Aetuitl 1>lff»
















» fr * n f r ^ A v» •» *» I •* a »^-








laioromho i; Slier or'.ho
Mftuufaoturer
••s" 'i'ub«(i &60U 96»6 •1606
6600 4820 -1180
6600 3676 •1826
5000 4150 m 650
5000 S980 -XOIO
6000 8660 -1540
In tho aoxt table balew th« arerafa vt^v
iatlona from tha maan valuaa of Plata currant
»
plata r«si8tar<oa« and tranaoonduotanoa Arm
glvont
^ plat a rp fm Humbor roo(^Ifaaufaoturar
"S** Tubaa 1»77 470 312
tub«ia in lot
84
1«44 216. 2 214.7 33
I»M 408 mz 81
Total »i
Manufacturer
*1^" Tubaa «t8 816 226.6 »
1,01 444 216 2«













t fl« >i " f
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««. ••rfnT •*?•





"R" Tubea •72 266 l&g
Total
number bad




















It will bo obaorvod that of 105 "S**
Tuboa toatodf 96 woro f;ood • p«reonte|!«
»S,4| whilo for 100 "R" Tuboa toatod, 98
wara (f,oou •• pere«ntaj(*a 96*
Waightad value of avaraf^a vartat'on
froM Moan valua of Ipl»t« 1« ooraputad In






«<? «|^#ittv^ •^ '^of ^to-^ »X
•^o Jtl oil" •
Slnllar «©r-put«tlun« f:lv# the follow*
Ing w#ir,htad-ln vAi*l«tloni frow »••» vaIuw
of g^ mnd Fp.
V¥oif;h%od w«lgh%od Wol^;htod




"S" fatioo 27«»S SS0,5 1»89l
|iiinufiikot,ur0r
**E'* ?ub«s 223.Q 60X#0 tt^es
?h« roaal^c obovo losd to tho oonolu«>
•Ion thftt Hftnufooturor **1^** 0K6O6CX Tub* Is
Kor« uniform in st&tlo ohoraetorlstles fro«
tuba to tubo th*n is tho f-anufaoturor ''fJ"
61C4«>A Tubo* It Ic roallsod thtt tho oo«!«
prison citron In tho throo tubles obovo Is
not a naasuro of tho rolatlvo irtorlts of tho
tubes on An absolute Ifisls* It does der:on«*
strat^Q oXearXy, however « that the mai<.ufaotur<
era of the "J?" tu^es are apt to overrate
their tubes nore than the nanufaoturars of
the *!?*• Tubes.
?he tubes whl^oh w^r« classified as bad
-— l" I.' I jl
X«d.i «,v>U." S,!^VS ••tfit'' '^;!*-
• i«^«Hiv« •# #q« ••«• »*''if# *S* ttfl^ It* Bilk
tub«« «how«d th« folXotrini:; f^tllts on bal&f;
t««t«dt
?ab«a 3A«88, S^»10, SC*^ indlented n»
lnt«rn»l short olrnuits^ but ••eh dmw lftr|',«
•X04S8 hvfttsr eurrffnt nt ratvd vaIuo of h#6t«*
Tuboi SB-S3, SC-12» l?C*ai draw firm p«r«
o«nt or l«(ie of r»tod vftluo of pXnto ourront
•tt riit«d vfiluo of plAto voltftgA*
fttb« SC»ie indioAtad toiroral lnt«iru*l
•hort diroyitSy and drew Xar^^o oxooss h«ftt«r
ourroRt mt rated Telue of h««it#r roltego*
tubo £IC*39 drow ftpproxlmfctely 50;^ ox-
o««a heiiter ourrent at ratett TAloa of Keetor
voltago* 7h« plftto ourrotit wee epproxlmetely
two percent of reted -^elu© et reted veluo o^
plete olt«r»«»
?Mbe T>A-if ^ndloeted en Iniiernel •hort
elreult from the i:rid to the hoe her* It
drew m lerge i;rld current when the f,riA bli^s
voXtfif^e w»» eppliwd.
^i« :itl^8} :iftk^'*^lti u«wori« M9duii^
•'iAffjf 'I* OiilA ' £}9^A*t its Jn0*fiiiio Ttd'jsvrf •••ex»
-i»q »Ti^ w^tb IS-*)!! ,ll-f)r la ••rfaf
*«»t^w^ •i?«XT 'to *;i£«T ht^jt yo »•( to tf;:#a
VftTEt d8«ie vduT
^
-1 ,-^ r -• A ^ ''
bAU Is ! "^ i.i'ti* :^fTs»*<l>Jo Til*** f»'^ftf ->, Wl»^"ii
»4 4jXi^ '
-ax-
Comptirison of ?lat« ChAr&etorlsti^t of
|S*nuf«etur0r "U" And Mftuuffeeturor **T\^ Tab«t
Fron th« t«8t« i»«<l« on tho Ot) ?««t«r«
It is ro^RJ'^^i^ t© plot rl»to Ch»r«otorS0tl«
Curvo© for ft r,rl4 blae of ••2 volte, /i plot
of th«i «ir<ir«nf» PXnto Chftr«crtorl»ti« for ••oh
tubo lot, tho Ylnnafftoturors Pl^te Chftr»ot«irli
tlOf And tho ohArftct«rl»tlo of th« high and
low tub« In ••oh lot has boon «uido on l^lstos




















KxuriluAti^on of iihm ourvti In PXetso I
through VXI fthowa two Importuxit points about
th« t»i^««« rir«t, ^.hw ftvorrr* oharaotariB-
tlo ourv« for th« MaiiOfnoturor "P" ?ubo« is
in ©Roh cft8« hi|th«9r than ths l^nufsotvirsrs
Curvs* In th« «*s<i of tb« liAuufftotursr "s"
Titbos in two ofttss out of thrso^ It Is lowor
than tho ia«n«f«<tur«r *• ourvo« f5«ooR<!Xy, ths
«pr«ftd bvtwosn hif,h and low tubo in a lot io
|.^r«at«fit for Ifanufecturwr "8** Tubot Lot nti»
Otio Interoetinf: point in eoannetion
with tho fftatio tasta was tha appsarano«) in
soma ttibaa of amall |;rid ourranta of tba
ordar of 100 t© 700 «iioroanps whan haator volt-
a^a was sot at ^^S volts and no rrl<l ble» nor
plata supply Tolta^a wts appli«^.« this grid
ourrant was pr'«s«nt in apr^rojclp.fttsly 40ft
of tha tu^as of aa^h laannfacturo, Tha tuVos
in which this f^rid otirrant appaarsd taetad in
ganoral «'*.ovo tho ii'^9r^i'9 -ralues of pfats
eurrmn^ and transeonduotf^nos* For axampla
in <*na lot tKis rrid ourrant appaarad in 10
i*W9X »1 il ^nmitij to *«o •••««> ow;^ njt ••tfift
•rfi^ «tXftiio»»?. .•vtf?r5 9't9^i$^ a'^unam ».*> kj^k*
•#fi 1© ttfrtsiiiia Ail, XX*fln *lo •tfy;^ enttt
•tfXov iviA^il n^'fv ^fT«««"f?>^» nor otf MX
-^a i»**so
iQii .airf *iii, ,^,, ^^, .^ ^^^ ^^ ^^^
ml ft«i««;^ 6«tA*qq« ^ni»Tf»« f^ln% mltit^ ^mJifiw nl
OX aX »«tM^qji #A*ittf» him •! <# ^•X aao ai
10 tub«s «ms 12«9 SJ*(P^« cowp^rod with nn
ftveriif;tt 7«lue of Xl*3 m#«« for th« •zitir*
lot* Th« tivvref* gj^ for thoso •»«• 10 tuboa
««o 4130 tiloroiahos eoripftro<} to 3670 nloroTahos
for tho otitiro lot«
Tuboa in whioh tho grid ourront tppe«r«
probably h»v« oiithodies of bottor ai^lstion
ohftraotoristlea than tho«o of tho tub«8 in
whioh thia eurront doeo not ftppo«r«
•S8«
»*< toil •i»i>li i«*5itif# •!»(# ill)
I8«
DISCRIPTIOW OP DYWAiac rmfB
Th« dyn&fnlo t^sts ver* na<3« to clmulftt«
th« p«rforcitiue« of An «ftipllfl«r tub* la « vory
hi{,;h frvquoney F«*y tr«&«Biitt«r« A eirduit
dlaf^ras* of tKo transwittor If f;lv«n ac Fif^ura
2» Sipfielfloatifna for the trauacilttor aro
*a follows I
£t«F« Oiitpttt Xnpadaneo 61 • 6 ohms
faxiia^ Kant;« 200 mo to 88Y no*
Vonirial Powor Output 0«6 watt
Typical Oparatjlonf
Plato Supply Volta-o 1»0 V,l)»e» US f#|i»C
Plato Currant 4S bm 8S m«
Hoatar Currant 0*46 af».p« 0*45 a»p«
Powor Output (61*6 ohe^) 0*6 watt o*6 watt
To raproducs axactly tho oorxditiont
which axiat In tha ampXlflar of thia traaa-
jfjittar, it would ba Ri»e«aaary to ulld tho
oo]»|let» unit aooordinf to Rp«»olficat lona
taklnf, n^ieeaiiary pr^oautiona to thlald tho
tut 4f ''J '
• '^SA *«»;-.- *tiaifl«f^ »i<3^
'7yt
»^' ?r«^o*?
•rf# ail« o» x^iHiaoo^Tii tf hf «w #4 .^










ft« pos«lbX«« &ncL ob«erv« ttriotly «11 or^ln*
mry proeautlons to allfi>nftt« tttrmy eapftcl*
titnosi* Thin proecidura would pornit th« t»«t"*
ln(^ of only uno Amplifier tiib« at a tine*
It wo^ld alao b# nee«BSftry to tolcier th« leads
of aach tubf* in plfcc« for t««t, a« tharri ©rf?
no baoe piss or tub > aoekatt for thle typ«
tubo*
In Tiaw of th« abo-v** atat.ad -^ciiditioafc,
a&a baoauaa it waa daslrad to ruu normal
load and partlcfularl v ovitrlo^c^ tasta on na
nany tub«»8 a a poaslbln^ a siinulator circuit
uainr law $*equanay input waa claeidad upon*
Tha advan.ta^aa of aueh & circuit fror. tha
touting; point ov view »rm vianyi a) l^9m
of ahialdin^ In tha ahaRsla la not neoeasary*
b) l»avaral tubaa can ba taatad aiMultlin«oua<»
ly* c) Tubaa ean ba mourtad In tube aockat
adaptera whieh ara aaally ramorablii and In
wi'Atih tuhaa can ba ouiakly Inaortad without
•oldarinit*

Th« •liBiaXtitor clro It it«»A 1» l>«ll«v«d
to b« ft« clo«<» an «t>pr*oxirKtion to th» aetuftl
4Plro it m.9 enn \>9 hsd usiBf; loir fr«qu«&oy«
Th« power outputs of tho tttb«« in the aimulti**
tor elroult otin bo «d^uiitod to vuluos r«ftton«
iibly close to tho output nbtm5.n«<) oa tost of
the trsiianittor, dopondlnK on tho uttiforaity
of tho ton tubos boiug tostod*
Admlttadly tho sl^iulfttor olreult is on
oXi^^r&litlTa KLothod of tostini^ boomuso it is
^onorslly nceoptod thot tho o»ly rooX tost
of how s psrtioulftr t;ub« wiXl porfortEi in s
pbrtloulsr oircit is its pcirformonoo in thst
«jir<KiL«lt# '?h«»B tho tlfi«» roqiiir«nRi«?sts for test**
iuf, in tho setual eireuit ore eon»icior«d» how*
ovoFf it is opporoat thftt If f^ore thsn o
*'hsndful** of titben sre to be tooted sinr.Iy s&
onomous otiuuut of tine wfiula bo ro%v«iro&»
fho nine twenty hour tests closfirlbsd below
would hove required X^QQ hours runnlni: tine
hod the tubes been tested singly*
>it<
:. l^9ltLi 7: 91X0 tmi:MiumJL^ •rfT
X**' aif «c dotn nm ^rf c:«
^teMtl»« 9 J «•• tliif^%ir lot
it* to ;4u: i :{«{? t}'' ,^?$;'j
7 91)
A », ,.
Th» nlroHlt u«»d to slnul«t# th« opera-
tion ©f th» «wpllfi«r in th« VHF Triirn5!«ltt«r
i« #iown in Fir,ttr«i S« Orif in»lly « slfnal
in[ut frequanoy of 60 e>^QX<iii por 8«oond w««
to b« y«id« Th« ipipnda&«« of th« toet itir*
©Hit w»fi «o low, how^Yor^ that « ©«p»«itor
of Approxinatoly 100 wfd« would h«T« ^^••n
r«<;uir«d Aorosit tho power aupply output to
Kftko tho isipodAneo of this e«p«ioitor small
eo ;p«r«<i to vho tost, circuit Irpodftnca* A
slgnAl fr«qu«ncy of 1000 o^^'oloe p«r awooad
iwi« therofom usf^l, which wii« empliflod b#«
for« b«inf, «ppll«d to t;h« t«st elrouit*
Aa will fe« 8««n froin th« elro^>.it
dt«f;rfta, tho t«n ttet>«iB to b« tastod w«ro
eotttt«ot«d in parftllol as «ep*r«to •mplifi«r
tubos tisinn '^^oiiT'on plait « supply volt* fro and
i n p t •i^;tiaX toure«s» ?ho eitthodo rvsiitora
w«r9 w&am 220 ohMS^ tho ««»« vulao u«od in
tho ori|?inftl <iircuit« fho by«*pti8a oitpaoltort
«ero8si th« o^thodo rosletors wiaro nado 60
«ifd» to as«uro ad«quat« by^yasaiaj^ Of altnr*
4»30«
-if
- » ' ;- r
^yj, J, ^ ,j J '^ ^ rf o i rf
•
. 'IM^^'^St" n S.-> :. ..S »•-• «>
. t^Ti^Wi J '7 1 too
f«l>i J-: " -^ a* t'> • '•' liP^
BAtiiig eurrout at lov rr«qu«noy» Th* taXuh
of th« lottd r^sistorw w»8 ehoe^^n as SOOO
ehfis to b« of th« «&»• ord«r of aagnitudo
ft8 th9 plAt« r««ltt«neii of the tub^a, inrhioh
1b llflt«d as 3640 ohir^.8 for the 6K4-A Tub*
ftt 100 volts plfttn Tolt&r« And -2 volte grlfi
bi«««
It will b« «•«» iron ih« olrcuit cino
(ran tkfit th« ofttbodoit of th« tub«e bolaf;
t«ttt«d wor» not i?;roMP<l«4 p but wer* oonnoeied
to tb« minus 0id0 of th« plAl;o pow«r supply*
Th« alnnftX vnltR?':« at 1000 eycl«it por a«oond
im« applied at th9 same point as the mlnua
aida of the powor supply* This oonnootlea
lioakea the Ki5.nu8 aide of t^he power «!upply
above f^round potential by the amount of tba
aifnal volta^^ai but In view of the small
value of 8i|:iial roltara used (6*S volta r«m*8«
maxlv^nm), thle i& of no contio quasi fie*
The first tests verm of twenty hours dura-
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eonsidermdg by /ppXiwd T^hyaioe Luborntory,
to be ••tiefflctory life for t.ho treacwltter
In whieh th« tubiva lire u«ied»
Mcftiur«in«ntt w^rm ntidc In tho following
ftnnori ») Plate supply voltikf;o -sikB meaaur*
«d by a voltwetor on the potpwr supply vhich
was corrected by • oir;p«i*i«t>tt with - ho ree<iiii|;
of • Weeton XOOO obTwg p©r volt li* omtory
type W!9tor plaoed noroaa 1?he output terrjln^la
of the potrer auprly» b) Total plate ©urrent
ij«:f !i!e«sattred by « f'^C* mlXlianmeter In the
output eircalt of the pl»te pow«r supply*
e) Orld eurrent waa meeaured by a lUC.
snllXiaMReter of • 10 is«a« ranfo which w«f
pXaoed in the f:rid olrouit of eaeh tube fiuo«
eeaeiveXy by mea&a of a phono plor lnr«»r%ed
In a ehortini: jack* Thla neter waa ahusted
by a & iafd# eapaeltor* d) Output power
waa t^isasured by aiea&e of Cathode f'ay OaolXlo*
i;raph» 7hi# vertieaX defXeetlun platee of th^
osoiXloaoopG were eom^eeted directly fror; the




•w ifoMw ev Of . 1» t.*.mmmUll^
-.M •^a,, rto- to ^It:9tl;, 6ii;, Mrf ^1 b.oai,
^iiU.O x«H •5«.i^an !• .«^« ^^ he-r^^-nr
.aw
•««•
th« plfttf» of th« tub« whot* p0w»r ««• b^lnp
wntaurwd* TMir eonnoie^.loT} f.iiT-« • tr«r« on
thii o«eiXXo«oop« of th« volt«« « axinttlnr ftorost
tho Xo*d rstlstor of th« tube* Thlfl -roltftfii
tr^ofi ir«« plott«4 on eroaii ••«tlon papar mrA
from tho plot th« poiri»r was ««loulftted» A
••nplfi plot 1« icl'^ww mm Pl*t« i^XXX ftnd m
»TTpi« »ow«r f«»l©ulBt ! on from tehl» plot ie
glvon in Tftblft XI of Appendix !•
Pl«to« VIII - A, »nd VITX * B art plots
Of tho prid and plate volt*f,« traeoa of th^
liftnufaaturor ***>*• aaci kanufaoturar "M" tubas
raap««tlvaly« Th«s<» plota we»ro mada for tha
aama pleti* nupply Rnd slrnal voltaraa on aaeh
t»b«« Thay r«pra««nt typioal operation of
tha tu' ^-^fl In tha 8lr»ulator»
Plata Till - C Is ft plot of f,rld blaa
olta '.a Taraue plata ourrant for tubas JJfi-27
and T?:T>-12 Rt BpXfcta = ^2?, 500, 60 Tolta.
Tho dynaml<^ operation Unas for aaoh ti^ba ara
drawn on t> 1;? plot for eonditlons of oparatljoa
•hown in Platea irilT A mud B*
•34«
•<»/ •lid'
• rj jf '» ^ It » « /». "^
» iiS* TTTV ,








Plfttdi VIXT P ftnd K mrm pr *dlet»d pl«t«
tloa of PlAt* VIII C and the ^rld voltag*
ourTdS of I'lfttitts VI ri A ftnd B« The i^otuftl
eurves obtained are plotted on the seme
sheet* Deehed portions of e»oh curve are the
eactrepolet«»d portlune* 7ho large difference
between the ourvee et low veiuee of {>I«t«
volta^'io is ofitused by i*ha feett that the r.rid
i« puititive la ti>ie r«t;iofi 6xid no data Is
•kVftilabla fron curves of Mete VITt C on
plftte ourror.* for po«jltlv» f.rid voltaf^e*
The ose511o0oopfl osXlhrstiou of 4*9
''Tolts per «mftll acslc? divls'oR ( 4S? ^<?ltf
per Inoh d^fl«ct ion) wse obtelnod 'n the
following, mennen s) r. T)#C« Toltspe of
known velue w«8 pieced directly oj3 the verti»
«el tl@fl«otion pl«>t«8 of the oscilloacope,
(Durtont type 208-P Cathode V.uy Osollloftrftf h )•
?he deflect ior wer found to be 10 snriall
di^'isions (1 inch) i^^r 4t» volts t>«C» b) An
A»C# Voltfe fro» art tudlo osolllator wMoh
iZXV •#«!<{ lo ••!«
". ml* tmH^ ^o«l m4i x;if l)*iii'«t> si siA^Ic-/
Hi tii4L <jri fin 4 .ao2 • -1 mlM <.il t^v 1;* >Ai..i uX
• >^«v i»ii. c^*^«>«'<t^ ^•«it| AAV •*iX«v jiwoa^
««qe-«t>fiXX to'^o a ttt^aXq aol#«ttXl«& X«o
ild^m 01 ft4 •# bi mm ttoiao^l'^.wb »47
nA (tf •^•'i •.tXar a^ *i»<i (linnt i) •itnisiTtb
-dJi*
• If.nftX mi« ro«ov«d# Th« d«flection for thJ«
»lf:nftl WB & tM^ll dl^laioni peak to p««k, or
4,6 divliions p«»*k vfalue. V««k vftlua of IS
voXt ^#»i.8« flir;n«3L « i^ x fS* » 21. 2 voltii
ft w«K t?«©!d«<?. ^V»t 4«t> volts / tiivls^on
Aotuftl proc«dwre l'a«:d for T<igtg^
The proeeduro of taetinr. In th» Bimulfti*
litf, circuit flhown in Fif^ur« 3 wmn as foliowet
m) Tan tube* wore totted « laultaneously ( un-
l«ti8 there were not ten r.«»od tubaa in one lot).
b) Plate supply volte re iffas ad^ueted whsriovttr
it wae obaf»rv«d to hav« drifted from the de-
• Ired vfcluo for the partiowl«^r te«t« The plete
vnlter.e used for eaoii test wee deter^^ined hy
the "cut and try** m«ihod to obtain the p»wer
output d»8ir«ci with a reasonable alue of
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wit« con; ul«d froia dlriiot obstirvfttion of th«
output VviXta^« -Kr»v« auApa on th« o8ollIoeccpi«>
^
AS provioualy n«ntloii<9<3l« Slno« th« ir*v<i eh«p«
wks BiiLde m^ of pl»t« htid elr.nitX volt*© eo»i-
poneu^ft 0aa€}iAtiAll> » ftiid 8iro« & f^rid current
rxot in «xo«»BG of 5 «*•«»» p«r tiabo ir»» cl«i»
ttlrecly St ft^kB not difficult to cbtnln e «08i-
binatlofi of aif.n»l ^nd pl&t«i volt»f« which
f:»v« the d««lr«d powor otttput* On th# flr«t
t««t run with M«nuftt^tur»r '*s* T«b«» th«
pinto (supply voltftp* wt« set at 180 V* b«»
otU8« this wfts th« rcXu« |;iv«n for tVi* trfens«»
mitter ftBiplifl«r tube« Th« slfi^aftl volt&i^*
wma ih»« ad^u«t«d t« f,iv« an output ^pproxl**
»at«ly equal to tha avara^a valua obtalYiad on
taata &t th« tranacalt tar* In aubaaquent taata
tha plat a voltai:«$ and signal volt«f.a wara In*
cr<das9d to obtain tha inaraanad powar daslrad«
• > l^'ha al4;naX voltage waa ant laltlally aad
after each aliut down# Tha «but (Sowna w«ra at
ftpproximataly 30 ytlnuta Intarvala thrM»f,h<i*it
tVia 20 hour taata*
-•43*
^X*i,^ • 99 tit i»iiM « (XXAi^aoKt* otfaaaofj
tm •Hffw •if«*k #JiH« orft mnwmh #»ffs !<•«• *f»#^«
A) Th« t«tal pl«t« aiipvly current w»« m-*
eord«d b«foro «Aoh $hiutei«>wisL v^"*;'- ?, ipnel rolt*
%,%*% on enci after »«cl; shutdowsj b«for« th« ei^**
nifcX voXt»^.« wftn turr.®cl osi af.f»:5,n#
• ) Th« griti ourreut wfic r«oord«d and ••r»f,«c!
ttpproxlrftt«ly ••oh hour during tho 20 hour
t««t««
f) On th« fimt f«w t«8t«9 baforo it wae
known how Ion? tbo lubo« would la it, atfttlo
todte w<»r<i run ftft®r about 10 hours operation*
Thia wae diaeoatlnuod wb«r4 It wa.5 a«»oii to bo
no loni or n«o«asar^, and only cno atatle tast
at tho and of 20 houra of oporotlon was tuado*
^; ?ho ahutdowna ccnsifctoci tif turnini.- off
all voltaros on ttb© tuba*, allowing hoatar
fila)si«nte to loao their vl«l>lo le low and tbon
• i;aln applySn; tuba h«at«ir, ?^lat«, and aif&al
Tolta^^oa in tbat ord«r»
h) f^ave ahapo waa obsorvod aaveral tlmaa our**
IhK aaeh tost on two or thraa tuboa for tho
first tasta and latar on all tuboa*
•44«
«»»»» HI mt :*ft\. < ' 'ft
vMu ft -rot •d i»«ibni<»«
• !#«#« •i^itfX 5X!'')w ««dii. •i(;r ^aoX wofi fnvoji4
f»^Ml4
.7e
:' m (,^#%W t^d x^T^f* niJi:i*
T><goylptiQn of Tndlyldu>l ?oat s
?««t
^^
1 - 20 hour*. Av«r»|!:« Power ^0,8
Mitit/tub«« Tubes • 8AX«SAlO« ( Th««« tub««
hud b«eri opnmtod undor v«ryinr, eondit ous
for <iov«r«I hours prior to tost la ••ttlni;
up tho tost •iroult)«
Tub* SA^XO foiled oftor 30 ninotoa
oporotion* ?h« foiluro wos noted by the
ehorp &ro^ In plote supply voXtSfo^ «nd o
shtirp rise In total pl*to eurrent* tlhen
this tube wos plseed In tho tester « Its
heater exrouit drew oaly obuut one third
Bortael current
,
flats voltage would not
build upi, plate current roam ^ulokly io Kany
tineii its normal value as plate voltage was
appli*}c! 9knd Its indies to<i trfewsooncluctahee
mis aXnoet sero*
??um-sfcry of da ta taken In eonneot
^
'^-OB with teet %
Befors Test After Test Chanf^e
Averaf:« Plate
Current 10*3 K«a» 8.^ m»a» -1 9 4 ^i .a*
•>45*»




due to tost ^\m& Fi*ft«
lfikxlriw« nhiitif« In
to t»at -8?^0 mioromhes
Av«ii»«g« grid o«rr«nt
rXftte ^'ttpply l^'oltAi:* 145 r. for 10 hourai 150
Y# *'or 10 'hour«| Air«r«|^.« sif^atl Tolfe»f,« 4»^5 ¥*
( r •B«s« )
t
B^iaarkst F»llur« of Tub* SA*10 attributed to
usa prior to thia t«ot«
T««1s 2-20 »^ottri« Av«r»K« ^ow«r ^ 0.81
o«ourr0c* aurinj; t»8t«
Siinn«ry of dslsR tulcttTi In donix#»<itl©n with t«stt
—Owl—> lliTl - - - - '
Bcfor« Tofit Aft;<ir '^••it Chtn?^«
Av«rftg» Plat*
0iirr«nt IS«S M»tj^* 12«o «!•&* -S^S
Av«irft|:# ?r«ii«*









Mmxlnum 'C^hmne^m In trfenacauf'iirtarics^ dam
to t««t -060
Av«raf:« ?:rld o«rr«nt diirinr t«»t 0«2$5 ini««
Plate Supply v^oitat « 150 v. Av«riir,« lil^ual
?»8t 3 " 20 liours. A^«r«kp« ?otf#r 3 1*18
w*tt»/tu^». ?ub#« S^ll-SBIB, SB80, SB21«
?fo failure! oeeureil 6urln^ test*
Suanery of detft taken in oo»»«ietion with test i
Before Tegt After Vest Ohftn^g e
Averai;e Pl«»te
Current 16cl !»««• 10«4 &i««« «5«7
Averere ?rfena«
ocnduetence 4371 mlorotihoa 3063 sii- -1318
orofiihoB
Haximun rhervf^e in ?lete Curretit due to teat
«»8«.9 n«e»
llAxlmuM Chanf;e In Treanoonduetanoe due to
teat olOOG ni<fro»ho8
Avere; e r.rl^ ourrent during:; fce«t C*145 tue*
Plate supply voltage 165,170,lf»0 V» Arer-
age •lirnal voltage fi»04\' (r»T«e«)
•47«
SI* I B i^wot •]|«^*^4 ••i;/off . ; - i.iH*-.*
A
•?#•
tlim nil m i lOiMi I ^
S4C13» Ho ffklluroa ocu urr«d duritij teot.
Tub« ;;Cl fcilect to oiorfife* when t«»t wks
•tartod* 7hl6 tube te8t«d p«rffietly on
tfitie ii«»t tkikd he (I liot bovti uiied betv«»«ii
atfttlo find dyuttmlo testn*
trutajfturj^'' erf gfifcft tnkiirit in coii«.«otie»ii wit h t €> a 1
1
Currant 1X«7 ^•ft« 6«S »•*• o-f^.^
Av»r«r.« Tpiint-i
«&ti^ttetan<?« 5B99 mlc»ro?^>h08 2447 r?i« -lARH
o r D «i I • o «
ItesslMUA Ch«ui;« in !'X«to nurr«n1i du9 to t«st
Mftxlstum ChAn;;* in TransoonciuoliiinQ* 4u« to
t«st ••IQBO siioroi^hot
A'vtirtLg* i;rld e»rr«nt during t«8t 0«X89 m«&«
Pliit« »upply voXt« 200 V# Av«r«|f,« cUr,»«X
VoltA!^« 0*24 7» (r •!;»•«•)
i»48»





Te at 5 • 20 hour«» Ari»r«f,© Fowiir • 1»6
WAttu/tu^tc. Tub«8 f>Ml-*L*80^ Vtt f*ilttr»«
©ftcturrwc'. during t«st»
fiuwiaitrj of dfcti! ttilren In eonn_f>etioi-i wi t h ta afe
»
l<qfor #_ "^55,^ ^^ ^t;<ir feet Chanf/c
Current lOni^ ]R»ii* 7«3l M«ft« «3ft&&
Averap;e "Trins**
ctromhos cromhoa
l^txlffiUiR Ch«af;« in pl«t« <jurr«n% dlue to teat
Maximum Change In ?r*useonduc;tftnee liue to
test -l'*40 nloromhoa
Average grid current durlAf; teat 0«2i>8 m*«.*
Plate Supply "^/oltage 200 V^ Aver«f:e Signal
Voltare 6.02 V» (r.55?,».)
feat 6 • 20 hours* Averere Fo-r^r r C.fO
wett/twb«. Tube* 1iA-l-tA6, RAIi, ?A«1'', K-<^lO*







It a © ^ ^r^ ^:x'i»f*««'





«:f n«. «*) eir
6«for« ?08t After Tstt Chftiij^e
rurrent ll«7 m««» 10»$^5 m»a« -,75
Av«r*f:« "raaa-
oonduot«nc« 4150 micromhos 3980 rai* •SsSO
eromhos
MtxisiuBi Chftn(;« in IXiit« Current i>ua to test
MAxinusi chaniio in frftnaeonductane* du« to
t«at •BSD iaiorr«»hoe
Avorag© nrtd ourreint during ta»t 0#611 m»ft»
Plate Supply Volta* e ISSV* Avoraf;e *'iif:nal
Veltage 4,87 v, (r.m.e,)
Remarks s On eoBie tubes tie output trtive
showed distortion in addition to the usual
flat portions* The tubes in whioh this dls«>
tort ion appearod however, were no different
in static Gharacterlatios from the other
tubes*
Test ?• 20 huura« ^.v«rfe^ e Power z 1«2
II <i urn »—». "»
watts/tuije* Tuljea HBl-FllO. He failures
oecurred durinf test.
-50-
* V : V,
«T.- .-. • J, • «•
(fnnivt^jtJl ofl vivw «^0wwofi b«f««q(;ii aozj^ott
Y#if#o •ii;^ laon't diittiT^i^niif add nt&wtn n>
••i(/Xiiit off •OXffl^JT' ,i»nf/^\a^^«w
C>urtin«r^ of dattt tnksn in <ionn«otion with toBtt
I III Ol— I «M
l^ttfort y«t After Tint £!»«»£•
^''•^'•rfti;* 1-Xftt«
Our rout* 10*66 &.•«• II vie »!•«« fO*(>0
Avorikf,© Tmnu-
eonfit^.otaTi.c« :i9^2 S86S -IIC?
Waximuin Chiinp;* In rintie €urr«nt d6« to t«irt
l^'fftsiwutrj Chfcnf,» in Trfen»o«>n<lwot*n©« ciu« to
%««t m^40 ®leroj?>ho«
A-fwrtif^e frld current during teet 0»2nS m»ft»
PlAt« Supply ¥oltiig« 200V# Av«r»E« SIgnftX
YoIt*('« 5«09 ¥« (r«n»8«)
l?»i»iftrk« s Output WAV* on s©t*»» tube* sbow«S
«io]tiild<9ra%l« *• jitter* in •m|)15.tud« ( a««
T'h©tofT«':'h ^5}» The mfcxlmuiR ftstplitnd© of
the f?« e w«8 net eleerly defined bat corer-
©U thru© or four sr^all divielone or the
Cethode R«.y Tub© isceXe* The tubee in which
tV>i« we B observed « I owed no dlff*rer.c«« r^ri














ft«» IB iics f»r«xv
• •a ; dzb: : i-a« jti
-It
n-> "'ft .'« fl^'T T** ST .f rt « ^'i]r s
«»• MOt'i ia#^ aiiA^a
*xa*
?«Bt B • 20 hour«« / v»r« ? • Power s 1*M
wmtt3/tub». Tttb«i RCl-RCXO. Ko fftilur««
oecurr«<! durln?* t#»t*
Sttrinary of dittft ^bft1^''«a Ib c onru:?eti en_ yl th tegt t
Cnrrant e.f^r. m*«« 9«S0 si*** OA&a
conc\uctane« 3626 tni- 3631 ml* -SS
crc^ihoB erorthoa
IfaxlKiuR Chani:« in PXntii nurront du« to tost
4J*0 «.«•
Mnaclnum '"hun^* in Trftnuoorirfuetunc^ du« to
tiisst "»nOO nicromhoa
A'yerttf,* K^^*?.^ ctirr«nt durinr, test 0*52G m*ft*
Plat<i 'Jupply Yolt«.;« 205 V", Av«r<ii-« ii5.r:3^iftl
V€>Xtft,,« 6»aib V* (r*}.'. •&•)
Hem«rkst St^m^ as for ?oat 7*
"^ost 9 •• 20 h:ntra* Av«r«f:« Powar * 1*49












Rumr\«ry of <!«ta ^.9t)cmn in «onn«etion with tftstt
Current r»67 cs»»« ^^^Sli mtft* ^O^sa
cromhos eromli0t
MfcKitaugi ChAnf,« In '^'ransconduotiino* du« to
t«at -600 niero:?ho«
ATiirfi|^« ^^rld current duri&r> t««t 0»S36 si«««
Pint* Supply ToltftK* 225 v» AT«ra^;,« Signal
A eoT?ipari«on of the chftnf©i of bub«
parr.n6t<*ra with u«o c«n b« quickly oltalr^d
b^ r«f<*rent o to t;b« table below* The first
toat ttiiiido on Marmfacturor **S*' Tubea has bocn





^ ^ ^ ^
^»j^
• ' alii « r 'r: ^;^
««9.
8 0,«1 -a.so « 4oe f?»52
8 1«18 -B»70 -ISXR SO.IU
4 X«60 -6.2C «1L46S S7«8fi
n l«50 -5.59 « 9411 26«56
Av«»r« 1.2C «*4.84 -ion r6,&
Itenuftieturor "K*^ Tubus
6 O.GO •0»76 -2 SO 5,61)
7 I.20 f0,60 -llfi 8,1 f*
S 1«5^ fo«a2 • 98 2.CJ:
i» 1«4& -0.32 • S7 2,78
Av«r» i.gs 0,012 *13S,2 5.4,f
Photographs w^^loh follow fcr© typicj^l





U&m'H S '-> 5 ' A ^ ^Jk»0«»






















Output ¥olt!»r« ^'6V0, illus-*
tratlnf. ""noivft" or^jitrcr"
appearittp: on «om« 1fc»»nufftctur«r







1*pt>n c nplfttlop. o*' tb« T>*.no t«Kts dws-
crlbod pV'O'*'-© , l.t wfeo d9ci«?.«€ iihtt^'i BiJf floleut
cupeblXltlefl of th© feub«6« nupol»ia®fitcrj?
t«iiisit 'Were run %© cletorislne >;©w long; titbos
would op«»rftt*» bwfor** failliij oomplatelyj or
if th5.B Htms not po«eible, du« to «3co«8e1v»
t lao r«»qi;ir#jiiont8 , wl fet cjonparatlv^if ebi<rir««
In tu"ij«» oh«siriiotorl8tie» «Rd pov^ir output
would oo#nr due to op«r&t:on« T«st8 Four
ftud Nln« wore oontinuotl with the smnm tub««
opari-ittni; at th« aeraw plmtiti feiicl olf,ti«>l volt*
tk'g^m y^iitll •«ith sot or tubea hftd op«r^t«o: for
60 hours. "*t\« tubQS w€»r« operated oontln-
uoii0ly for porlocig of about f>i;:ht hours with
no ahutciowna until th© 60 howre oparation
irfeg oor'plet;©*!, ?he following, raaults w«ra
obtaln«»& from th€i«^^«< testat
a) Jfo fallurae ocr-.rrreid on «tthor Ifaau-
factur»r "S" or li . -irt-.r^nr **!?" Tubaa.
b) Tha total chen^es in paranatara for tha
•j«i* *no ^a •** rro ^•itf •*'^« «»•<
to % rifiintamoo ifllXi«*! «-'o'r»'f ••aHt»q« hXi'off
^if^iiio T#*iroa hn» U9l&9.ffffimt»!*9 «»«'if# fl
rf,^ii.- •ntin^ M^'o i^aatfa "to ''^'•le^ \a*t xXt'otf
^
-^n tMToS trft (rf
60 hour t.o»t8 w<»rrt fie tfibu!l»t«d ^iitciwi


















m) ^ubm ^>f4 ftnd *iCXS r«fipeetlv«ly w«r« ^h«
low tu'.'ss la pow^T out.pu<, d*4ri.nf, the twenty
ho«yr8 op*>rftt on ?u^«> ^Clt5 i--ovj©r oji'feput vHtl
r»in<so th€»r«i ir«r«i ?u> ffi5iur«a on •!t!«r
tMrnufftcttiirfir^B tubos eu«» t«j <jK« ^yntinio Timte,
It cunnot d«flnlt«ly l»o 8ti»t«d thftt !*«ii«feei«»
I ur«»r "!t" Tubus t«lll outlast !%nufftc!t,urer •'ft*
••5©»
SO«0«. £r8i«
-» T •» »
o% mi ••uii# v#l
• 9:ifl 91111 ^#«
>U^
that tii»8 oivatfkcttjrifctACa of ;:ASiUf»o tur ^r "t-l"
l^uLtjg ch«njc« X«s« with op#rfttI©a urjd#r nor-
mtl tir.d ov«rXo«d c or>d. * 1 1 ons? thftn do t}:«
ohai*a«tiiiri«tloi rjf ^a?«uff\etur«r ":" ?ub©a«









mil Qt flA/"* «OlT»YQ I O^
•Jj«
AT«rHM[»TJU> CORRKtAt Un^ BHTVmKH UfATXC VK^^J*
J.VP ?tmK f^Hj!l*'A''?5T' T8TTC8 V^WJVO tlJB
As vri8.8 titatdd in th« iutroduet iori, oia«i
of th« purpo««« of th« tflistB wft8 to pr«dlet
tub* llf« und«r dynamic conditions froii
cs^ftcur<%rieut8 snAds In ft «t»tlo t«tt<»r* ?h«
following. «tt«tspt» «t «orr«liition ware Biad«»
It is trjiport«nt to note that on tb«> twenty
hour teste cf fifty ranufacturwr "S* and forty
ltoiiiaf*etur«r *R*' Tul}fl»s, th«r« w»t but one
fnilura* This fail^ir© ocourr«d after l/s
iuour aii ii %ub9 which prior to th« aotual toat
had boeu op«r»t«d a«v*rftl hours mt many dif««»
f«r«nt Tolt&roB In fc>t® alnulfetor while the
simulator went beinr set up* f>«aau8« there
was only wri^ falluv© ana this was on a tube
whoae ^ •»*»« oaly 1700 wicro? boa at fehe be-
gianlnf, of the teat, a;;j coi-^pareu to S700
Rlerorihoa avorAf,e for the lot from whloh It
was taken, the failure oannot be attributed
3773? 3T7xV
#»lb»fq of •tnr «i#»»tf ••^:^ to ft 't«
•a« #«tf CMT / «e»<rtfT 'A** i«r<i«itfoji't«in«il
^<fff# ji 4' • •fj»ii»'k #«o ^laci raw
-it #« 1« OOTi xlam mmm ^ ••oihf
0071 dt fr^^ACf*^'.'") •• «ta«t mA* \% ^tiiiuu.%
tl dmiam mo^ *•! mAt not •a«ntivA loiiMoiaiif
%o th« op«rfttion durlur the tost parlod*
•Sinoe th»r«» w«r« no '>\lur«B of normi^l
^u1i>«8« th« b«tt is«tho<i of inoAturinr; uieful llf<i
l«ft in th« -Uub«a sftrtr test is to iRAAeare
their tmiiEoouduutiinae* In th« foXXowlai;
ettenpte mt correlation, this orlter'on ime
used*
The o)i&ii.i:.9 In traneoondu- tanctj between
Rorsftl {.l*to vclti&fte end nercRl plate volte|;'«
Xeee 20 vuXt» wits computed fron etetlc teste*
Thi» ohfcUi,e wes cor pfcree with the final v&lu6
of trauscouduetei ce» The ra^auXts showed no
lipperent oorr«X«1^^ Of > «fcvfoer ohenp;e in c
and final \'ftlue o<* f,^ as w51l be neen hy re-
ferrfnr to thft tftbl«»ffl V«iilov which eri* for
tubes ua©<i in two «?»p»rsi|5e te«te»
Tube OrlKinftl n^ Finel r« A rtj^ ^or ^«inte
ttloromhe Mlcromho lowered 20
TOltt
SA-1 5600 3100 -788
2 3500 3000 ^700
"5 3920 3680 -1020
4 4880 3800 -a88
->62<
X«»*t«« *to mmiuiim'i o*i ut^^v »to^;; h'juj.
•t«J*l •»t« ^«*rfir ^ol^i 9f?Xrf«"* n5#'t





















Kiffilliir eo?«p*r i8o;\fi r*«ide vlth x-«n
oti «r tub«8 of Aftoh type iileo fslleci to ^how
fctty cor 'fili.t5.0R >r©tw»<»n obftn^^.n in r^ fcnd flnftl
Th» n#xt obftnge in^estif^ated for

































iI#J IJIW !*'<'*' .ie»J.^'T^v« »*.\«.i.
v«<i« lJ' J>Wi«1 o»X« '^t:^ ^<MI» *• •*• •
««i»«
wmn the ohfttnf,* in trttia^ooiutu^^tuned for m
r«duotlott in h»fet«r volt«r« from 6.3 to 4»0
voltfi« Thm p<rirc«ntsikf.« ohftn$'::« in
^m ^^ ^^^
Tults ime «o»i!put«dy &nd thli: was plottad
• f^nlrist virirlnftl ?;^„^ for a«v»ral of th» tun««
of both »ienuf«^tup« that h«^ bflns?; t«c%od
dynamloifiIXy* It was th<»ttjicht pofleibXn thtit
with sueh » plot on« wuulu l,© slle to leoXoct
^uittkl^ u©«irtobl« tubes whioi h»c high g
miiti 5T»mll ohftRf:* in f;,^ for ehiin£-« in h€»at«r
Yoltfe?:«« The <}<it» froW' irhlcb two such rlotg
w»*r«i wiido ftppaarii In '"itbXo I of Apfonclix TT
toi?«ither wlt>i *;V^ pfBd\«^tlQ3n8 on th« r«l<Bt?v«
aXtiot oi' trfenseonductftnc© ftt th» ffnd of
twontjr hcurs ©p«r«tlou» To tulrt whloh it
WAS prodiotod would hav« highest value of f;^
at the end of twenty h; urs operation war? o«»Il«d
1st, the tube prediot«il to have next hlfhest
valuo Ziu- B,n6 «o forth* These pr«dl«t5ons were
mi4e by UKing the plots of Plates TX atifi r«





























































































ii: iiii i-ttmt: .iuliil
$
:«-.





)«si0 of orlclnial value of f>ri «i 1.01:1® • "^h©
•rrom In pr^dlctlnr, the r«lftfciT® v^lu^t of
ir,y^ after tiwenty houre operat ^.»ri by usfli of th«
plot Bnr; "by use of th<» orif,lnal vir1j?« of r^^^
mre kiiv^n below for two ,t^oup» of ten twbee
Tube i:rror in yelstlve Error in relative
^s: Afiier operation ^-^^ after operation



























•ii# t# •eu ^rf flo iAiwr^Q nood ;;rA»«r;r l»#lfl ^
• Hvffjrf ~^' '"^- «qiiu
,;^ o V :> TAJ wroitd aeri^ »tM




















Tub« Krror in r«l«tiif9 rrror in r^lufclir*
r iKft«r operation r «ft«»r 6p«ratlon
us-nr orif:ine,l k^ uo'n*; plot t©
to predict









Av«r&g« !? Av»r«f,» 2«0
'^h^ rasiilts of four wore t««ts of
1;ir«nty hours ci«ch wore uetid to nske id ant 1*
cal calouXfttJ ono» Th« o * putatlona will not
bo Ei.owTi hore but thif rasvilts trf»r«s























-i#«»bi siaa e^ h««ii sisw hojia tiiip/i ^j; p>r;^
#on XXiw %molii» f ttilT •a« ti«XiieX«o Jimo
^•ift«iq of o# ^:| l»ntjiifo
tt»X; ee»x . os-xx AH
o#«a o»«8 ox*x Off
Tim results oi \>i)(i sky: t^sv^i s ^-u .. i ^.t
t» usUttlXy ImBm by liSing tU« oriiz:lnai value
of §^ to rJT'jdiot valu^ &ft«r idsi. Tues^ re-
ftuXts |3r««l.uda tb® us© oi* Ui& plot as u\i^8
tvi«t ntga-% liff* with htjijh jgrj^ xisuall-.- cx.}titi,mm
%f> h»v« Idife ft r^lttl'W to t\ib«s starting iif«
Til© n&xt qiMsntltT lnif®stig«t-<l tor Its
mSt^et 011 Uib'^? iirsi wa«j plat^^i rosistanea*
Valvicra of r^ w-^c ao*-ooute-.i at rutad h^at^ar
P
YOltag« juiaii at li.O volt9 hmsXisr volt^** ru«
o<i«4ng«i iGi plaits yolta?'^ in ^n^teh onM^i was 20 volts*
E<jfl04AS of th9s« eoB^t«t.ti ns nr^'' giv«a
In raU.e XI of Afn>^iidlx II for t^a» iAoufaotuTissr
Is siMp3^ #timi|« la r^ ior m cliche of ">»2,3 voltg
h«Mit«r voltat@«
Tli|Mr« apoears to b« no eorrc^X&tion bstvMli
Ar ftnd iln&l yaIimi of s aor bstw^^i a i^ and
«^$U
••ditf^ M ic xo ««0 M^^ »» i«
Sll
Vo further «t1i«ripts w«r0 made to
oorrol&te tli.0 ro«iilt» of '»t;«ii'io ?i»8t« with
of «vftll&M« literature fallod to dlDclG«e
• ny infor n& t i t» n as t '' •'- ; > a t a 1 1 1^?pt had
been mftdo by others to perform »uoh a
oorrelatto:.! «iil<Se fron makini? the usual
»ea»ur*.n6nt& In » t«5sti«r of Plate Current,
Vlat» T:.cfile1;ance, arsd Tirarifioonduofeance at.
rated values of Plate and Heater '^.^olt«*r:e«
m*rOm
iiffxw effeoT o-:jiiy^ 401 c
^ 9bmm «••<!
^M 9oaM^rtabnoottr.diT ham «#"
•OT*
chapter V
On th*? bftutt of st»t^o teefts, *«!.ni?-
fmc^Vivr "^" Tubus &r« Kora uniform In ohpr-
Tube* show fewt?»r p«»rc«nt«^-«« of bact tubes
fror- « rendoss! selection* Thslr p&r«m«t«rii
(fcro r'.or« ai««rly i**).fct th«ir p-finuf»& ti!r«ri?
glv« a« typical pftramntert
•
Th« a%'«r«. *.-,• valu* of transconduetanfj©,
which is usuelXy fsoneiderijd tha hast crltarion
of d©sirn profl©l«ncy of a t«ba^ was fraeter
for 88 2:ianufactur«r *'R^ Tubaa then for an
wqufcl n r-bor of i'aaufac t urer "8* Tubaa*
on %ii« btijilfl 01* dyz^asiic taste sinulatixi^,
parf orr^ianoa in onm particular application,
^'ariUfRf^txirflr "^t*^ ""ubiiB show much sr.aller p^^r-
cantftft© ohanra i- both atr, 'f*o aharfcctarlst ! ra
and pewfi-r oK-'^ipat than T*apt»fitctur(in*r *'*''* ''"vs>:'f'g
,
1i?>.ilfc> no u«ffinit:«» valu© of turjfs life r& s
obtainod for aithar nanufaoturer' « tnb*»8, it
• 71-
any . liui'




l0 hivhly jjrob«Vjl« thi>t» J'«nufftotur«r "P*
uifid to p3*«diot chfcr4*«» In oVifcrfiot«ristlcB
















•^ fi25!^690 $ SA1« Sia,.,*s^5
lis E^f EA2,«..iiajD
m^ lt3§ BO ^^» p^t*.«Eaa^
- 75 -
'U
nrrniflr^ •MM lo &!«!£
tus«*««ii& «XA2 yr AC
%OB*««tSai «iaft ^ ^ OS
tCDeM««st» tiM 2& oe
5QX XftJeT
aafi«**«suL» tX'o^ Cil AH
















m 1 10*0 3600 U?60 1.2 360 95
« 2 10.3 3^0 U7^ •9 3<>0 195
" 3 U.l 3920 1760 .5 300 225
*• U 12.8 U320 hhhS 1.6 15' 625
„ ^ 13.5 U200 35U) 2.3 5oO ^5
• 6 9.5 3h9) 1650 1.7 250 2ii5
« 7 U.3 3$>0 38I4O a 560 195
1, e Itj.O UiOO 3!^0 l4*6 890 705
« 9 10.0 33^ l^$0 1.2 2^ 3h$
" 10 9.0 3120 li760 2.2 360 575
« 11 lii.O y.?o 3^0 2.8 890 U75
• 12 iit.i 3900 30I4O 2.9 7o0 205
" 13 a,8 3270 S12S 2.U 725 ^425
« li; 11.^ 36$D lt080 .3 320 IS
« 1^ 9.1 3370 5125 2.1 725 325
« 16 f.O 3300 U8.75 2.2 hn 395
" 17 X1.0 3700 liO^iU •I 1*00 5









5W 06C ^. OoTi! CCcC C.CI
;?« '^-:
. 0^4 i^i —
t,i ts?aa












MHiicjap Micromho ''%«Mi ir^m rran Srom
f^iSbm Xj>lat© m E£ tman Ip ti/ma. i"p ^nmx ip
3A19 8.7 335G ^is 2.5 72^ 3i4S
• 20 11.9 360D itOOO •7 im 9$
•» 21 12.5 3620 381iO 1.3 %0 125
« 22 1%2 y»oo 3390 U.3 1010 705
« 23 1!^*B ii620 3!?70 l**6 630 s^ae
•* 21 ^0 3320 SSOJO 2.2 60Q 375
« 2^ lO^ii 3^0 iM!5 .8 1$ 95
m a6 9.1 3^30 ^60 2^ 860 395
« £7 12.3 3670 39ao 1.1 liSO w
• 26 Bad Mm
« 29 8.5 3lt00 ^5^ 2»7 u^ 295
» 3^ 11.7 3920 hlAS »5 U5 225
« 3x 11.7 3^^ iiO80 •5 320 255
*• 32 X0..5 3700 hi^ .7 1$ 5
» 33 13»0 3720 m) i.a %0 25

























i H2.'::"SKJ »f, -ri. m £E vmmi Xp mmn rp »««%«
SIJi 1 11^ 1^00 k>.Xi 1«<^ $30 120
«> 2 IW* iacK) 3700 i.a 230 20
11 3 12a y79) U>0O 3.5 610 !^70
w k l£>.9 k^j^jO 3330 1.J Hi) 230
n
!^ 1^*5 h^30 3olO 0.1 170 120
m 6 17.1 l^ 3oeo 1.5 3SO 1^30
n 7 1%^ Ii2^ 3180 .2 290 70
9 8 15.0 l,il#-X) 3ii*5 •6 25 80
m 9 17.3 li73a 31^ 1.7 390 yao
« 10 11.0 k)^ sum 1.6 m 270
n 11 19.0 WJ} 2990 341 yso 2^0
It 12 17.3 10(00 3Ui5 1.7 25 80
It 13 lU^i* 1^9) 3510 1.2 LO 30
i» Ik i6.a U5^ 3330 1.2 110 230
II 1!) ii#9 3®) 3S>20 3.7 hm 71^
N 16 1^.8 liOO) 3^ .2 llO 260
It 17 l$mi* U5^ 3700 .0 2^ 230




















jj-^-^ ation mtloii iittoa
» ^ Xi^,> U30 3^0 #^ 1*0 ii^u
^ 21 !!?? U^OeJ 3?00 .1 230
• 22 19#0 hm 317^ 3*1 2?^ 2«^
*» 23 12a, 3900 3?7^ 3*3 30^ to)
« 21a 13#1 1*^)0 3^5 2»«J ID^ X20
« 2!^ 18»2 y^ 312^ 2»6 3li$ 60
« 20 17.3 ljc>00 317!J I#7 Z9^ 280
« 27 16»0 10*20 36iiO !; 170 30)
« 28 1$*3 ii070 3390 ,3 80 **
" 29 x%y lam 3^ #3 100 a
* 30 1!>«3 toK) 3390 ^3 6q ^^
« 31 V>*<^ lihOO 3700 ,0 230 60
*» 32 X6.3 y^ 3h$Q .1 20 280
* 33 Biad Tul«»
• 31 13a 3Sao 3^0 2.!? ho 500
^ 3$ ll*g UA) 33%^ xa tie loO
m—iri Mrti i immiiri nn iii—iFwiiir iinii<i—iii»i> »ifii«i«Bii»iti»M«ia«i8iiwi<iwM»iiB|iiiMiMi<w»>wii««^^
totals m^ li*2o30 Xlli«Jd5 U-^ ni6 7090
Airera@» as; 1^3 :^ ToisX
X5;«6 ia20 3ii70 Uhh 216,2 2XL*7
«t 77 -
•whBf -^HsV «4rte7
aoJt^fi noiJ# ooU& ^- ...
«?T aortt «via Kid3 MWiP** q^BOiilll
«*/T LAfi 91 as
Oil 9* OlrJ c>ei' -vs •
()S1 ^GI






















" 2 1^.0 39ao 3r^o •7 130 zhS
« 3 10.3 3520 1144? 1.0 Z95 155
*» li 13.8 liltO 3!r?0 2.^ ^m i^<$
n 5 8.2 3300 9S9^ 3.1 lliOO 375
*• iL.o U^ 3^ 2.7 oliO 675
« 7 10*6 3S';?o lao^f; Z9S 115
« 6 Bad Tube
« 9 10^ 3000 u^ .7 200 75
« 10 U.3 37S& U70 #0 80 75
« 11 13.li U120 ^92X> 2a 230 ia;5
« 12 B?3[Si Tub^
•» 13 12.8 y.!X? 3yn 1.5 375 775
^ 11 ^•3 i4a$o 312S 3.0 1025 575
« 15 Bi>d Tmbd
» 16 10*0 3i.^60 12!^) 1.3 100 15
'^ IT 13. ti. Ui?0 3035 2.1 515 19$




































t» a) 10,6 3!>00 ta)o .7 150 175
•• 21 13.? 1^90 3775 2.2 375 515
« 22 8*9 3330 5260 2.1 111.0 3u5
« 23 10.6 3620 Ii080 .7 70 55
« 2i4 ^•i 3300 1700 2.2 610 375
« 25 10.,3 3500 1350 1.0 200 175
« 26 12,0 3800 3815 .7 305 125
» 27 loa 3^^ 1*255 1.2' 105 5
« 28 11*3 3680 ia7o 20 5
« 29 Bad Tubei
» 30 ^•5 3iiOO 1*760 1.6 610 275
* 31 13.5 3910 3700 2^2 1,50 235
» 32 8.8 3iiO^ liOSO 2.5 70 275
K 33 12.3 380Q 3700 1.0 150 125
« 3i4 12.0 3920 1250 .7 190 2Ia5
" 35 7*9 32'30 5550 }.k thfX) ^n
T«ytals 3^1.2 116250 128860 liB.3 12670 9065
ATcra^ s 1/31 X l^otal«
11.3 3675 10.50 1,56 I4O8 2f2
aot3^ aotSz i3(oJ:^£
$5






Lat I^ ?arl<- V.ari- Vi2rl«
atlan atiori atlon
<MiMnaM iiiiPi ii iii ii r Smm i nfc i m ] iiiiiii : ii i i«iiiO« i mmdniiiiM oMMMMMaaMMB
BA 1 10»3 U^ 5200 l»h 9hQ
« 2 11.0 3eiiO i4695 #7 330 310
« 3 13 #0 uaao 3r?*^ 1*3 ^^ 70
» ii H*^ hhoo to6o a Ei;o 2*^
•» $ X3*U i40^ 3S^20 X»7 te J*00
*• 6 30.3 3630 10.60 l^li 160 !J20
« 7 Bad tab©
« 6 12*2 I4O80 142^ »$ 70 !•
^ 9 12.6 I3ac} li3^ .^ 30 170
* 10 11«0 itoQO hkk^ t7 12^? 1^
<H«W«»' liimin II in i i awlrlOW m iliin n i fiiiii» iii»i .ii n» i»«M—i»<mimiiii(.iM»«i I I ll idlllilM ilM iiilii wwni mm—ft—<—> nlni in il III L IIII1
Totsl3 10>,3 37290 3BWj 6,8 281*0 20U)
Iwirag© « l/s> K Totale
1X.7 ia^42 1*320 ^ 316 226,5
» 8d ^

























5- ^c :c. iia
Lot 2IS f4ffi» fari^ VfsTl.*
MmtM^io l^oil «feirm atian
«MMaiiNw . iiii«»«l»n JKak #mr tiw n i i n ii*» mn nmnK . Wi . »mii r» ^t ii umui»
m 1 T.t 3^0 6^:^ 3 #3 13To 3^
" 3 II#5' iOX) W<30 #5 X20 m
li I0»li ^30 «530D ^ lao 160
**
^ x^^^ 1*^ 1^^^ a#3 ioo ^0
» 6 10»2 3620 .'^"^ .8 120 3^
• 7 m*7 U^^ i«6?5 •J 5 170
" a 9a 3670 (Am 1.9 1570 310
« 9 10#2 3») W75 #3 5 ao
** 10 Ua li^OO l42!^ a 630 t20
* n io»U tooo taicp 1^ !» 20
** 12 13*2 im) too z^ m> 170
• 13 10*7 3900 l^^ »3 230 80



























BB15 lii«3 l220 uy)5 1.3 1435 2U>
•• 16 13.1 k380 kS^JO 2.1 330 loo
• 17 1Q.8 3780 1^700 2 120 200
•» 18 13.2 1200 Uoao 2.2 800 Z20
« 19 li^.2 iiO20 L^^'^ 1.2 3>0 liO
• 20 11.2 3820 U875 •2 > loO
» a 10«2 3to) ^jZU) 8 330 IBO
«« 22 1X#U laxj mn .li ^^^ 180
« 23 %2 3900 5700 1.8 820 do
" 2]^ 9.8 3770 512^ 1.2 2ii5 210
« 25 10,7 hioo li65b #3 230 120
« 26 9.1 3700 ^S^i 1.6 070 250
Totals 2B<^k I03<00 1269o0 2^5 n.5^ 5600
A^orai^ S 1/26 X- Totals

















^ .-I ^ "rm r '
tiau VIX





m 1 10*3 3^00 ^6Q 1»3 &70 3<)
*» a a*9 3li«X)' fns a 2XS 210
.t 3 5*5 1^5^ %P0 3*5 liiTO S90
« U 8.1* 3120 mm •6 ^0 i^
« ft 64* 390D ^eo *6 ^ 2liO
K 5 3a»5 380) 5000 2#5 S?30 liiO
« 7 lO,/. 33$:> 9^ X«l^ 530 310
H g 3LG..2 3liiiO «^!; 1.2 SQ$ ..ao
T#0 310Q 44^ 2.0 $20 !to
•« xo 6»2 36«X) a3i4M •S 2100 iiO
« u 7.6 3600 6060 Uk 130 60











































x^?m Ip maafi rp moaa qi











Tot£as 207*3 8U60 13o210









IwiuXaciurJar "E*^ * ai^eci tmm
¥ari* Vm-1-
.from ir^Mi
m 1 S^tl jmo rto) •? 220 aii^
« 2 7,8 3<iiO iX)^ ^,0 8T0 iiO!^
« 3 8.8 3600 5710 1*0 ^30 ai5
- k lea 3900 li!3ia *3 OiO XI*S
n 5 ^•S 391^0 1880 300 005
w 6 f^»o 3700' mo •a ^30 3lt^
« 7 u.? 1420 UM 1.9 7ltO 375
« s 10*6 hxm hl^ •8 km 135
« 9 IO»li h^^ h^m .6 m 1,!^5
« 10 XO*^' hxm hiu) .7 hZQ ?5
« u 10,J4 lam mm t6 300 5S
* 12 %2 too ^m .li aeo li$




















1*0 370Ml) UU 175
« 15 11*2 I4OCX) ISBO 1.1 300 1 r'
•» 16 lO.T li^uO liTO) h2Q 15:5
« 17 13Ji Uboo iioeo 3,0 1180 355
^ 18 lOtli Uooo ^330 .6 1!^ ii5
• 19 10,0 1^0 15^ • *- 630 35
* 20 8.li 370^ tiO^S i.ii 875 315
" 21 lO.l laso \mc .6 l^ 135
« 22 ii.U 1670 ia65 1,6 1015 62S
« 23 S*8 3720 !>r^eo 1»0 700 325
« a ?.a 3300 6l*'>0 a,o 1070 iiW
« as 10^2 lOCH") imo .h 300 55
























!a©an Ip liiwr^n rp
2.**
xros!
Rsm IXmh UiTO ii760 1*6 li£0 ia^.
« 28. 8.5 l|:0?50 60 5^) 1*3 670 S
^ Z9 10.?; um h25b •7 930 335
" 30 10«2 l^!>0 5X30 .li 50 5
« 31 10»2 I4XOO ^XK) •li 180 55
« 32 %'^ ii220 ^aso •6 30c 175
« 33 %9 looo U760 •1 U20 S$
" 31 8,? 3-^ OOliO 1*6 660 m
H 33; io«a 1*230 1^680 •li M) us
« 36 11*0 iai^ U^$ la 73$ 105
« 37 8,0 3700 ^10 uo 530 31*5
* 3S lo.a IjOUG iisao .1 300 s
• 39 ^•!; I4IOG S260 .3 30 ^55
« U) 8»l4 3S00 %^0 l#li 19^ 21?
Totaie 3*?l.y iol8lO 20^?; 28,7 10o2.$ 78OO
Immm ^ l/^O x Totals














> ii i iim iiii iin ii iii mi «>>
1*77 »: 31 * 60,20
IM 3r 33 » I7»5b
1,^:^0 J 31 « 16«3Q
n Wi I iii ijiy i M ill
156.0 * 98 =1.^^
9/S^ .^ y 9 s 6,62
26/S6 1,01 3c 26 « il6*^*j
23/S^ 1#33 3t 23 « 30.00
10/98 72 X liO S 28,80
mj® 9i*.i*7







In at 1L, at I^. .it I„ «fc It^ at
Tub© ;^;, or !i of •-. :r -r. ©f kI cut
Isauttfaicjturer© 12,2 7»6 li»0 2.7 mB
U
m.
m^ tvbe lo,0 XD,3 5,2 3*3 X»0
ATar6tg« 11,2 i>«55' 3«0!^ 1»Q .ty*
tormfa(jtyr«r» 12,2 7*6 1.0 a,? .^
iilgti XuDe ij^O 12 #7 v>»7 Uii l«l
l^¥ t^iii^ n,!? 6»8 3#2 1»9 ,14




All "ff lU09 or Ip «re ' illtasjps
'.6 U»o 2«7 .9
8.9 I*.? 2.8 .7
3.9 U9 1*0 .1^
6«Ui 2,96 un .37
- 89 -
^* Y, •




























Av^eriMP U»7 7.13 U.03 l.!J7 •^3






4imr»pi Xi..O o.a3 3.iii 1.33 #23














ly^a^ 9^ S:*2B 2^7 .60 .16
IliSEiui'aatiarars 8.3 ^#0 2.2 .7^
W ;
Etell *riib© i3»ii a*$ ^•7 U9 Jb
kvi/
Leaf? t\il5ig 7»8 h^S 2.0 •5 •05
iinr«^ 9#0 %M :?*87 .!X) •ii^a










lU s*s 0. tMri&i»lMil
























































































$ li2C0 -167!> 39.8
f l;2^ ^13^ 31.8
8 UiOC' •.ItoO 31.8
9 h730 ' -1530 3^.3
10 liO^O ^BJO 32.8
la LUX) •JLTO'D 3S^
13 13^ •laro 2$f^2
14 ij'550 *ltoO 3^.2
15 35SO -4110 31.0
16 lt«&DD *153i>, 32»6
17 kSm •ll!^ 25^i
18 li5^ miB^ l^^f
^ too
-luo 31^.1













































































































2 1000 Boo 61.3 U270
3 iiOCO 11^ 71,3 3700
U 3800 127^ 14^.2 3730
5 U^50 1950 57.1 U600
6 3020 1950 koa 3300
? U^o i7ao 59^0 3950
8 3t>70 2550 30.5 3520
9 3900 800 79.5 3560









1 7th 10th 9th
2 3rd 5th 2nd
3 6th 6th 5th
U 5th 7th 7th
5 1st let 1st
6 loth lith loth
7 lith 3rd lith
8 ^h 2nd 8th
9 8th m 6th












ear O^II OOQil C
ocvc
f; 5VSI


























EC 1 3^30 605 16,7 3300
a 3li^ 2900 8k.5 3I420
3 U550 620 lO.O 37^
U 3li20 1270 37,2 3600
S 3900 1700 I43.6 38^
6 3800 1^ I4I.6 3320
7 3350 6!30 19.U 3230
8 3U0 19U0 ^li 3U30
9 3100 22^ 72,6 3itOO































aa 1 8tb ?nd Uth
2 6th 9th 6th
3 2iKi 1st Ifft
h hth 6th 8th
^ Isft 3rd 2nd
6 ^h i;th 3rd
7 10th EJth nh
8 '^th 8th 7th
9 7th 10th 10th




/UJ bus ri^8 X e>i

















Tube L^ ^ ^.tM £i» 1^ ^iW A|^
SA n 351.0 oi*^ r'.o
12 3oijO 9100 5i*<A)
33 5125 nioo $W(S
U Id80 ^880 180D
15 ^? 8710 ,j
16 187^ i5to) 10^5
17 U>3D 103*50 0^30
IS b*^^ 210^ W^S
19 3125 9ao ms
20 14000 8350 li3^
SAi !^60 WO 3260
2 ii6!;b 117^ TKX)
3 377$ laooo 10525
k lt060 13330 nm
s 3Sr*:0 25003 zxzm
6 ia^3 ^UOO UM
I U250 28600 2143'^
9 l43^ 133ijO 8990







w^ OTTO ;^si? •:-4.
jI .c.r i ^Ttil
OC?.; r 5 r £^ (XM TX
^? *?.
iU^. OiR^ ^t£^ «i









(me oaca ^L^ V
m« oosai >iidd 0£
-V
































































^r>X<<tctrouio rlBf/lnoorlnr, ij«isl»«r Index 1^j2B -
r xtbnl •?»iR-' nffin«»»n- n "T^
Th« ftuthor was born in Norfolk, i^lr-
glni« in Octob«r 1919
•
n© attended The Episcopal High School,
Aloxundrift, Virginia :^or twof yeers, and
Culver ?'ilitary Academy, Hulvor, Indiene
for threo y««rs» Fe rraduated from nulrv-jr
in. June IS 37, end r«turnac the follovrinp
year for Junioi* Collefe.
lii July 19 38 he entered the U.S. n«/&l
Aeadauiy anri was f^raduatod with Bachelor of
Science T^egree in r'acem^er 1941 • :;ince
j?;raduat5on h^ har. aerved as a Nax-el Officer*
He entered the TT#S« Kaval Post?;r8diiate
School, Aunapolis , ?'aryland in July 1946
and in noj)ter:'b©r 19 47 entered The Johns
Hopkins ?;nf,in^er ing School as a F,raduate
student in Electrical Enf ineerinn under the
spoiiBorship of the Pureau of Ordnance, 11,5 •
/•xtaf birT , - - ^
-rbYiu'^
-UOT't rJai-ASJi^ala •- .aid-., ^wTi^:^ td'^
Attn , I * ~"« ' -:r% • , --r .^ ^ ... ^, t ^ •!














and life testing under








and life testing under
normal and overload con-
ditions.

